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.
$H$ : $(0, p)$ $k$ .
$k$ $[k:k^{p}]=1$ .
$\mathrm{H}$ : $(0, p)$ $\mathrm{k}$ $[\mathrm{k} : \mathrm{k}^{p}]=p$
.
$H$ , , $p$
.
Coleman , p $\mathbb{Q}_{p}$
, $H$ ,
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, $K_{2}$ Coleman .
$H$ , $p$ $\mathbb{Q}_{p}$ .
$\mathrm{H}$
$\lim_{arrow}(\mathbb{Z}/p^{n}\mathbb{Z}[[q]][1/q])[1/p]$ . ( $q$ .
$K_{2}$ Coleman \pi n] , $q$ , $\mathrm{k}$ $\grave{\grave{\mathrm{a}}}$ $\mathrm{k}^{p}$
$\mathrm{k}$ ( $\mathrm{k}=\mathrm{k}^{p}[q$ mod (p)] ) .
2.1-2.2 $H$ Coleman
(classical case ) , 2.3-2.4 $\mathrm{H}$
$K_{2}$ Coleman .
2.1. classical case . . $n\geq 1$ 1
$p^{n}$ $\zeta_{p^{n}}$ , $\zeta_{p^{n+1}}^{p}=\zeta_{p^{n}}$ , . , $O_{H}$
$O_{H}[[\epsilon-1]]$ ,
$\varphi,$ $\sigma$ : $O_{H}[[\epsilon-1]]arrow O_{H}[[\epsilon-1]]$ ,
.
$\varphi|\mathit{0}_{H}=\sigma|\mathit{0}_{H}=\mathrm{F}\mathrm{r}\mathrm{o}\mathrm{b}\mathrm{e}\mathrm{n}\mathrm{i}\mathrm{u}\mathrm{s}$ of $O_{H}$ : $O_{H}arrow O_{H}$ ,
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$\varphi$ norm $\mathrm{N}_{\varphi}$ 1 $O_{H}[[\epsilon-1]]^{\mathrm{x}}$





norm $\lim_{arrow}O_{H_{n}}^{\mathrm{x}}$ $\mathrm{a}$ ,
, . norm
$(O_{H}[[\epsilon-1]]^{\mathrm{x}})^{\mathrm{N}_{\varphi}=1}$
. , Coleman norm
.
$x\in\varliminf O_{H_{n}}^{\mathrm{x}}$ 22 $(O_{H}[[\epsilon-1]]^{\mathrm{x}})^{\mathrm{N}_{\varphi}=1}$
$n$
$x$ Coleman .
2.2.1. $A$ 0 $i$ # $K$
$K_{i}(A)$ (Quillen [Qu]) . $A=O_{H_{n}}$ $A=O_{H}[[\epsilon-1]]$
$K_{1}(A)=A^{\mathrm{x}}$ , 22 $K_{1}$ Coleman
.
2.3. $\mathrm{C}\mathrm{o}\mathrm{l}\mathrm{e}\mathrm{m}\mathrm{a}\mathrm{n}$ , $\mathrm{H}$
. 22
. 2 $K$ , $K_{2}$ ,
.
. $n\geq 1$ 1 $p^{n}$ $\zeta_{p^{n}}$ $\zeta_{p^{n+1}}^{p}=\zeta_{p^{n}}$
. $1\mathrm{h}\mathrm{k}$ pbase $q\in O_{\mathrm{H}}$
. (pbase ,3 $\mathrm{k}=\mathrm{k}^{p}[q\mathrm{m}\mathrm{o}\mathrm{d} (p)]$ $O_{\mathrm{H}}$
50
$q$ .) , $n\underline{>}1$ , $\mathrm{H}$ $\overline{\mathrm{H}}$ , $q$
$p^{n}$ $q^{1/p^{n}}$ $(q^{1/p^{(n+1)}})^{p}=q^{1/p^{n}}$ ( , . (
$K_{2}$ Coleman , $p$-base
.)
, $O_{\mathrm{H}}$ $O_{\mathrm{H}}[[\epsilon-1]]$ ,
$\varphi,$
$\sigma$ : $O_{\mathrm{H}}[[\epsilon-1]]arrow O_{\mathrm{H}}[[\epsilon-1]]$ ,
.
$\varphi,$
$\sigma$ $O_{\mathrm{H}}$ 2 (i) (ii) .
(i) modulo (p)
$\varphi=\sigma$ : $\mathrm{k}arrow \mathrm{k}$
$p$ .
(ii)
$\varphi(q)=q^{p}$ , $\sigma(q)=q$ .







( , $\hat{K}_{2}(O_{\mathrm{H}}[[\epsilon-1]])^{\mathrm{N}_{\varphi}=1}$ $\varphi$ norm $\mathrm{N}_{\varphi}$ 1 $\hat{K}_{2}(O_{\mathrm{H}}[[\epsilon-$
$1]])$ . 1 $\hat{K}_{2}(O_{\mathrm{H}_{n}})$ $K_{2}$ norm
. , $K_{2}$ , $\hat{K}_{2}$ . $($
[Ful] . ) ,
$(n\geq 1)$
(2.2) $O_{\mathrm{H}}[[\epsilon-1]]arrow O_{\mathrm{H}_{n}}$ ; $f(\epsilon)\vdash+(\sigma^{-n}f)(\zeta_{p^{n}})$
$(f(\epsilon)\in O_{\mathrm{H}}[[\epsilon-1]])$ $K_{2}$ ( .
$\sigma^{-n}$
$O_{\mathrm{H}}arrow O_{\mathrm{H}(q^{1/\mathrm{p}^{n}})}$ .$\cdot$
$\sigma^{-n}(q)=q^{1/p^{n}}$ , $\sigma^{-n}$ : $\mathrm{k}arrow \mathrm{k}$ ( $q^{1/p^{n}}$ mod (p)) $p^{n}$
$\sigma^{n}$ : $\mathrm{k}$ ( $q^{1/p^{n}}$ mod $(p)$ ) $arrow \mathrm{k}\underline{\simeq}$ .
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2.4.1. 2 22 $K_{2}$ , (22)
(2.1) . $2\ovalbox{\tt\small REJECT}$ $K_{2}$ Coleman
.
3. $p$ $L$
Coleman , $p$ $L$
. , classical case , Coleman $p$ Riemann
, $K_{2}$
.
3.1. 3.1-3.2 , classical case .
$H=\mathbb{Q}_{p}$ . Riemann $\zeta(s)$ $p$
$p$ Riem $\zeta_{p}$-lic l , $O_{H}[[G_{\infty}]]=$
$\varliminf O_{H}[(\mathbb{Z}/p^{n}\mathbb{Z})^{\mathrm{x}}]$ . ([Iw]





















3.2. $c$ $(c,p)=1$ .
.$\cdot$
$( \frac{1-\zeta_{p^{n}}^{c}}{1-\zeta_{p^{n}}})_{n}\in 1_{\frac{\mathrm{i}\mathrm{m}}{n}}O_{\mathrm{H}_{n}}^{\mathrm{x}}$




zeta element , $p$ Riemann $\zeta_{p}$
.
$K_{2}$ .
3.3. $K_{2}$ Coleman $p$ $L$ .
, zeta element
, $K_{2}$ Coleman ,
$p$ $L$ .
N $\geq 1$ $(N,p)=1$ . $\mathrm{H}=\lim_{arrow}(\mathbb{Z}/p^{n}\mathbb{Z}[[q]]$
$n$
$[1/q])[1/p]( \zeta_{N})(O_{\mathrm{H}}=\lim_{n}(arrow \mathbb{Z}/p^{n}\mathbb{Z}[[q]][1/q])[\zeta_{N}])$











2.4 t . $\Omega_{O_{\mathrm{H}}[[\epsilon-1]]}^{2}$
$\mathrm{I}$






$(a, b\in O_{\mathrm{H}}[[\epsilon-1]]^{\mathrm{x}}),$ $\{a, b\}$ symbol .
$A$ $A[[G_{\infty}]]$ $\varliminf A\otimes_{\mathbb{Z}}\mathbb{Z}[(\mathbb{Z}/p^{n}\mathbb{Z})^{\mathrm{x}}]$ . $a\in \mathbb{Z}_{p}$
, G \sigma .
$\epsilon^{a}\}arrow\{\begin{array}{l}a^{-1}\sigma_{a}\mathrm{i}\mathrm{f}(a,p)=10\mathrm{i}\mathrm{f}(a,p)\neq 1\end{array}$
OH- .
classical case , classical case zeta ele-
ment . zeta element
.
3.4. zeta element .
3.4.1. $\mathcal{M},N\geq 1$ $\mathcal{M}+N\geq 5$ , $\mathrm{Y}(\mathcal{M},N)$
functor $\mathbb{Q}$ modular curve .$\cdot$
S\mapsto ( $(E, \iota)$
$E$ $S$ , $\iota$
$S$
$\mathbb{Z}/\mathcal{M}\mathbb{Z}\cross \mathbb{Z}/N\mathbb{Z}arrow E$ ).
$c,$ $d\geq 1$ $(c, 6p)=(d, 6Np)=1$ .
zeta element
$c,d^{Z}N \in\lim_{n}K_{2}(arrow \mathrm{Y}(p^{n}, Np^{n}))$
([Ka2]) ([Sc] ) .
$\lim_{n}K_{2}(arrow \mathrm{Y}(p^{n}, Np^{n}))arrow\lim_{n}K_{2}(arrow O_{\mathrm{H}_{n}})[[G_{\infty}]]$
([Ful] ). 1 $K_{2}(O_{\mathrm{H}_{n}})$ [[G ]]\rightarrow
$\hat{K}_{2}(O_{\mathrm{H}_{n}})[[G_{\infty}]]$ zeta element $c,d^{Z}N$ ,
\emptyset zeta element . (3.2)






$( \sum_{i\geq 1,(i,p)=1}\sum_{j\geq 1}q^{ij}\sigma_{i,1}+\zeta_{p-\mathrm{a}\mathrm{d}\mathrm{i}\mathrm{c},1})( \sum_{l\geq 1,(l,p)=1}\sum_{m\geq 1}q^{lm}\sigma_{l,2}+\zeta_{p-\mathrm{a}\mathrm{d}\mathrm{i}\mathrm{c},2})$
.
, $a,$ $b\in \mathbb{Z}_{p}^{\mathrm{x}}$ , $\sigma_{a,1}$ (resp. $\sigma_{b,2}$ ) 1(resp.2) $G_{\infty}$
, $\zeta_{p-\mathrm{a}\mathrm{d}\mathrm{i}\mathrm{c},1}$ (res7 . $\zeta_{p-\mathrm{a}\mathrm{d}\mathrm{i}\mathrm{c},2}$ ) 1 (resp. 2 )G $p$
Riemann .
3.4.3. 342 , $N=1$ , $L(_{c,d}z_{N})$ ( $\Lambda$ Eisen-
stein ) $\cross$ ( $\Lambda$ Eisenstein ) ( . ([Hi3] .)
$N=1$ , $N$
.
$p$ $L$ , $p$ $L$
. , $\prime \mathrm{C}(_{c,d}z_{N})\in O_{\mathrm{H}}[[G_{\infty}\cross G_{\infty}]]$
$p$ $L$ .
3.4.4. $G_{\infty}^{(1)}=G_{\infty}^{(2)}=G_{\infty}(=\mathbb{Z}_{p}^{\mathrm{x}})$ . $\prime C(_{c,d}z_{N})$
universal zeta modular form
$z_{Np^{\infty}}^{\mathrm{u}\mathrm{n}\mathrm{i}\mathrm{v}} \in O_{\mathrm{H}}[[G_{\infty}^{(1)}\cross G_{\infty}^{(2)}]][\frac{1}{g}]$
. $g\in \mathbb{Z}_{p}[[G_{\infty}^{(1)}]]$ . universal zeta mod-
ular form :
$O_{\mathrm{H}}[[G_{\infty}\cross G_{\infty}]]arrow O_{\mathrm{H}}[[G_{\infty}^{(1)}\underline{\simeq}\cross G_{\infty}^{(2)}]]$ ;
$x\sigma_{a,1}\sigma_{b,2}\mapsto+x\sigma_{a}^{(1)}\sigma_{b}^{(2)}$
$(x\in O_{\mathrm{H}}, \sigma_{a}^{(1)}\in G_{\infty}^{(1)}, \sigma_{b}^{(2)}\in G_{\infty}^{(2)})$ , ’ $L(_{c,d}z)$
$(1-\sigma_{c}^{(1)})(1-\sigma_{c^{-1}d}^{(2)})z_{Np^{\infty}}^{\mathrm{u}\mathrm{n}\mathrm{i}\mathrm{v}}$ .
$K_{2}$ Coleman $p$ $L$
, universal zeta modular form $z_{Np^{\infty}}^{\mathrm{u}\mathrm{n}\mathrm{i}\mathrm{v}}$ $p$





3.5.1. k $\geq 2,$ $M\geq 1$ , $\mathbb{Q}$ $F\subset\overline{\mathbb{Q}}$ , $M_{k}(X_{1}(M);F)$
$\Gamma_{1}(M)$ $k$ Fourier $F$
. $F$ $\lambda$ , $F_{\lambda}$ $F$ $\lambda$ . ,
$M_{k}(X_{1}(M);F_{\lambda})=M_{k}(X_{1}(M);F)\otimes_{F}F_{\lambda}$ ,
$M_{k}(X_{1}(M);Op_{\lambda})=M_{k}(X_{1}(M);F_{\lambda})\cap Op_{\lambda}[[q]]$
. $M_{k}(X_{1}(M);F_{\lambda})$ Fourier $F_{\lambda}[[q]]$
. $A=F_{\lambda}$ $O_{F_{\lambda}}$ ,
$M_{k}(X_{1}(Np^{\infty});A)=\cup M_{k}(X_{1}(Np^{t});A)t=1\infty$
.
$\overline{M}_{k}(X_{1}(Np^{\infty});O_{F_{\lambda}})$ $M_{k}(X_{1}(Np^{\infty});O_{F_{\lambda}})\subset O_{F_{\lambda}}[[q]]$ $p$ norm $||_{p}$
.( $\mathbb{C}_{p}[[q]]$ norm , $\sum_{n=0}^{\infty}a_{n}q^{n}\in$
$\mathbb{C}_{p}[[q]]$ ,
$| \sum_{n=0}^{\infty}a_{n}q^{n}|_{p}=\mathrm{S}\mathrm{u}\mathrm{p}_{n}|a\mathbb{N}_{\mathrm{P}}$
. $\mathbb{C}_{p}$ $\mathbb{Q}_{p}$ –$\mathbb{Q}_{p}$ $p$ , $||_{p}$ $|p|_{p}=p^{-1}$
$\mathbb{C}_{p}$ $p$ norm . )([Hil] . )





$z_{Np^{\infty}}^{\mathrm{u}\mathrm{n}\mathrm{i}\mathrm{v}} \in\overline{m}_{Np^{\infty}}[[G_{\infty}^{(1)}\cross G_{\infty}^{(2)}]][\frac{1}{g}]$ ,
$g\in \mathbb{Z}_{p}[[G_{\infty}^{(2)}]]$ 3.4.4 .
3.5.3. Hecke $H_{Np}\infty$ . $F_{\lambda}$ $A$
, $H_{k}(X_{1}(M);A)$ $M_{k}(X_{1}(M);F_{\lambda})$ A-





. $H_{k}(X_{1}(Np^{\infty});A)$ $k\geq 2$
([Hil] ) $k$ $H_{Np}\infty$ .) $H_{Np}\infty$
$\overline{m}_{Np}\infty$ . $H_{Np^{\infty}}^{\mathrm{o}\mathrm{r}\mathrm{d}}$ $H_{Np}\infty$ ordinary part, $P_{Np^{\infty}}^{\mathrm{o}\mathrm{r}\mathrm{d}}$ $N$
$H_{Np^{\infty}}^{\mathrm{o}\mathrm{r}\mathrm{d}}$ primitive part ([Hil], \S 3 ).
3.6([Fu2]). universal zeta modular form $z_{Np^{\infty}}^{\mathrm{u}\mathrm{n}\mathrm{i}\mathrm{v}}$ , universal ordinary
$p$-adic $L$ function
$L_{p- adic}^{\mathrm{o}\mathrm{r}\mathrm{d},\mathrm{u}\mathrm{n}\mathrm{i}\mathrm{v}} \in P_{Np^{\infty}}^{\mathrm{o}\mathrm{r}\mathrm{d}}[\frac{1}{h}][[G_{\infty}^{(2)}]][\frac{1}{g}]$
(P) . $h\in P_{Np^{\infty}}^{\mathrm{o}\mathrm{r}\mathrm{d}},$ $g\in \mathbb{Z}_{p}[[G_{\infty}^{(1)}]]$
.
(P) $t\geq 0$ ( $Np^{t}$ eigen cusp form $f= \sum_{n\geq 1}a_{n}(f)q^{n}$
$(*)$ ,
(3.3) $P_{Np^{\infty}}^{\mathrm{o}\mathrm{r}\mathrm{d}}arrow\overline{\mathbb{Z}_{p}}$ ; $T(n)-\succ a_{n}$
$L_{p- adic}^{\mathrm{o}\mathrm{r}\mathrm{d},\mathrm{u}\mathrm{n}\mathrm{i}\mathrm{v}}$ $f$ $p$ $L$
$L_{p- adi\mathrm{c}}(f)\in(O_{M}[[G_{\infty}^{(2)}]])\otimes o_{M}M$




$\overline{m}_{Np}\infty$ ( diamond opemtor ,
$G_{\infty}^{(1)}\subset H_{Np}\infty$ .
$(*)$
$(*)f$ (3.3) $g_{f}h$ ‘(‘ ordinary eigen cusp
form $f$ . (ordinary( [Hil] . )
3.6.1. $L_{p- adic}^{\mathrm{o}\mathrm{r}\mathrm{d},\mathrm{u}\mathrm{n}\mathrm{i}\mathrm{v}}$ , orclinary $\Lambda$ ([Hil],
[Hi2] ) 2 $p$ $L$ . Greenberg-Stevens
([GS]), ([Ki]) 2 $p$ $L$ ,
$\check{\mathrm{c}}$
$L_{p- adic}^{\mathrm{o}\mathrm{r}\mathrm{d},\mathrm{u}\mathrm{n}\mathrm{i}\mathrm{v}}$ l Hecke , universal .
zeta element 2 $p$ $L$ ,
([Oc]) .
3.6.2. $k=2$ , $(*)$ $f$ ,




3.7. ordinary eigen cusp form $f$ $p$ $L$ $L_{p- adic}(f)$
universal zeta modular $fo\ovalbox{\tt\small REJECT} n$ zrjV , $\ovalbox{\tt\small REJECT}$ $\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\$
. [Fu2] .




$\overline{m}_{Np^{\infty}}\cross H_{Np^{\infty}}arrow \mathbb{Z}_{p}[\zeta_{N}]$ ; $(f= \sum_{n\geq 0}a_{n}(f)q^{n}, T)|arrow a_{1}(Tf)$ ,
.
,
(3.4) $\overline{m}_{Np^{\infty}}[[G_{\infty}^{(1)}\cross G_{\infty}^{(2)}]][\frac{1}{g}]\cong \mathrm{H}\mathrm{o}\mathrm{m}_{\mathbb{Z}_{\mathrm{p}}[\zeta_{N}]}(H_{Np^{\infty}}, \mathbb{Z}_{p}[\zeta_{N}])[[G_{\infty}^{(1)}\cross G_{\infty}^{(2)}]][\frac{1}{g}]$
. universal zeta m.odular form $z_{Np^{\infty}}^{\mathrm{u}\mathrm{n}\mathrm{i}\mathrm{v}}$ (3.4)
, .
3.8.2. $\mathrm{A}=\mathbb{Z}_{p}[(_{N}][[G_{\infty}^{(1)}]]$ . .
$z_{Np^{\infty}}^{\mathrm{u}\mathrm{n}\mathrm{i}\mathrm{v}} \in \mathrm{H}\mathrm{o}\mathrm{m}_{\mathrm{A}}(H_{Np^{\infty}}, \Lambda)[[G_{\infty}^{(2)}]][\frac{1}{g}]$
$( \subset \mathrm{H}\mathrm{o}\mathrm{m}_{\mathbb{Z}_{p}[\zeta_{N}]}(H_{Np^{\infty}}, \mathbb{Z}_{p}[\zeta_{N}])[[G_{\infty}^{(1)}\cross G_{\infty}^{(2)}]][\frac{1}{g}])$ .
, $\mathrm{H}\mathrm{o}\mathrm{m}_{\Lambda}(, )$ A .
3.8.3 universal ordinary $\gamma \mathrm{a}\mathrm{d}\mathrm{i}\mathrm{c}L$ function $L_{\mathcal{F}^{\mathrm{a}\mathrm{d}\mathrm{i}\mathrm{c}}}^{\mathrm{o}\mathrm{r}\mathrm{d},\mathrm{u}\mathrm{n}\mathrm{i}\mathrm{v}}$
$z_{Np^{\infty}}^{\mathrm{u}\mathrm{n}\mathrm{i}\mathrm{v}}$ .






$\mathrm{H}\mathrm{o}\mathrm{m}_{\Lambda}(P_{Np^{\infty}}^{\mathrm{o}\mathrm{r}\mathrm{d}}, \Lambda)arrow P_{Np^{\infty}}^{\mathrm{o}\mathrm{r}\mathrm{d}}\otimes_{\Lambda}Q(\Lambda)$ ; $\psi\vdasharrow a$ .
$Q(\Lambda)$ $\Lambda$ , $a\in P_{Np^{\infty}}^{\mathrm{o}\mathrm{r}\mathrm{d}}\otimes_{\Lambda}Q(\Lambda)$
.$\cdot$
$\psi(x)=\mathrm{T}(ax)\in Q(\Lambda)$ $(x\in P_{Np^{\infty}}^{\mathrm{o}\mathrm{r}\mathrm{d}})$ .
$\mathrm{T}$ , Hace





[AV] AMICE, Y., and V\’ELU, J., Distributions $p$-adiques associies aux siries de Hecke, Ast\’erisque 24-
25(1975) 119-131.
[Co] COLEMAN, R., Division values in local fields, Invent. Math. 53 (1979) 91-116.
[Ful] FUKAYA, T., The theory of Coleman power series $for-K_{2}$ , preprint.
[Fu2] FUKAYA, T., $K_{2}$ -version of Colernan power series and $p$-adic zeta functions of modular forms, in
preparation.
[GS] GREENBERG, R. and STEVENS, G., $p$-adic $L$ functions and $p$-adic periods of modular forms, Invent.
Math. 111 (1993) 407-447.
[Hil] HIDA, H., Iwasaeua modules attached to congruences of cusp forms, Ann. Sci. Ecole Norm. Sup. 19
(1986) 231-273.
[Hi2] HIDA, H., Galois representations into $GL_{2}(\mathbb{Z}_{p}[[X]])$ attached to ordinary cusp forrrgs, Invent. Math.
85 (1986) 545-613.
[Hi3] HIDA, H., Elementary theory of $L$ -functions and Eisenstein series, London Math. Soc. Student
Texts 26 (1993).
[Iw] IWASAWA, K., Lectures on $p$-adic $L$ -functions, Annals of Math. Studies 74 Prinston Univ. Press
(1972).
[Kal] KATO, K., Lectures on the approach to Iwasaetta theory for Hasse-Weil $L$ -functions via $B_{\mathrm{d}\mathrm{R}}$ , Lec-
ture Notes in Math. 1553, Springer (1993) 50-163.
[Ka2] KATO, K., $p$-adic Hodge theory and values of zeta functions of rnodular forms, to appear in
Aste’risque.
[Ki] KITAGAWA, K., On standard $p$-adic $L$ -functions of families of elliptic cusp forrns, Contemp. Math.,
165 (1991) 81-110.
[Oc] OCHIAI, T., Coleman map for Hida deformations, Doctoral Thesis, University of Tokyo (2001).
[Qu] QUILLEN, D., Higher algebraic $K$ -theory $\mathrm{I}$ , Lecture Notes in Math. 342, Springer (1973) 179-198.
[Sc] SCHOLL, J., An introduction to Kato’s Euler systems, London Math. Soc. Lecture Note Ser. 254,
Cambridge Univ. Press (1998) 379-460.
[Vi] VISHIK, M., M., Non-archimedean measures connected with Dirichlet series, Math. USSR, Sbornik
28 (1976) 216-228.
153-8914 3-8-1
$E$-mad address:takakO\copyright ms357.ms u-tokyo. $\mathrm{a}\mathrm{c}.\mathrm{j}\mathrm{p}$
12
59
